INTRODUCTION
The functioning of the central nervous system appears to depend upon a continuous and adequate supply of oxygen and glucose. When the concentration of either of these substances in the blood is lowered to approximately one-half of its usual level, there is significant impairment in cerebral function. At one-third or one-fourth of the normal level, the individual lapses into coma. The effects of mild, intermediate, and severe degrees of anoxia on sensory and mental functions have been extensively studied. In the case of hypoglycemia however, only the relatively severe effects have received attention, mostly in connection with the treatment of diabetes and more recently in relation to the insulin-shock treatment of schizophrenia.
Since the general effects of anoxia on the central nervous system have been reviewed elsewhere (McFarland, 1932 (McFarland, , 1937 (McFarland, , 1939 , only the changes relating to light sensitivity will be discussed here. Under moderate degrees of oxygen lack there is a general darkening and narrowing of the visual field and then a blurring of outlines or a decrease in visual acuity. With more severe anoxia, previous to loss of consciousness, there may be an intermittent cessation of all visual experiences. Pilots often report a general darkening of the visual field while flying at great heights (18,000 feet and above). In Douglas bag experiments in the laboratory, one is subjectively aware of the dimming of lights on being suddenly exposed to partial pressures of oxygen simulating 12,000 to 14,000 feet. If one is suddenly changed back to room air, there is a marked increase in the brightness of the lights. Controlled studies of light sensitivity appear to offer one of the most sensitive tests available of the initial as well as the advanced effects of anoxia. In one study, for example, the effects were first observed at 15.8 per cent O~ or 7,400 feet altitude. The thresholds of light sensitivity were progressively raised with increasing deprivation of oxygen in both the rod and cone portions of the dark adaptation curve (McFarland and Evans, 1939) .
The studies of hypoglycemia have not been so extensive as those of anoxia. Although several controlled experiments have been made, the observations for the most part are scattered and often incidental to other interests. After prolonged exercise on a bicycle ergometer while on a fat diet, Christensen a al, (1934) reported subjective visual phenomena and mental dullness which disappeared within 10 minutes after the ingestion of glucose. In a study of fasting in human subjects, Glaze (1928) found a decrease in their performance in mental tests, although no attempt was made to correlate the level of blood sugar with specific mental functions. The speculations of Barcroft (1938) relative to the blood sugar level and mental performance are suggestive but, as yet, have not been confirmed by experimentation. Evidence of a relationship between blood sugar level and brain function was proposed by Hoagland a a2. (1937) in studies of the electroencephalogram during insulin hypoglycemia. They observed a decline in alpha wave frequency (Berger rhythm) of some 40 per cent which roughly paralleled the declining blood sugar curve. The effects of small injections of insulin (0.02 of a unit) on rats while learning to run mazes have given conflicting results. These variations in performance may be due to the influence of motivation on learning and conditioning. It has been demonstrated, for example, that small doses of insulin produce hypertonus and hypermotility of the stomach which may form the basis of variations in the "hunger drive" in the animals (Bulatao and Carlson, 1924 ; also Quigley, Johnson, and Solomon, 1929) .
The similarity between the syndrome of anoxia and that of hypoglycemia, as far as the central nervous system is concerned, has been discussed by Olmsted and Logan (1923) and more recently by GeUhorn (1938) . Olmsted and Taylor (1924) expressed the opinion that the fall in the sugar content of the blood causes depression of the oxidative processes in the brain cells to such a degree that the effects are similar to those of anoxia. Some basis for this view was obtained by Holmes (1930) and Wortis (1935) . They found that the oxygen consumption of sliced brain tissue was roughly proportional to the concentration of dextrose in the solution and that the oxygen consumption of the brain tissue obtained from animals following the injection of insulin was lower than that of brain tissue obtained from animals used as controls. The application of these findings to the intact organism was made by Dameshek, Myerson, and Stephenson (1935) , who found in human subjects that severe hypoglycemia decreased the difference in oxygen content between the arterial blood in the carotid and the venous blood in the internal jugular. They found at the same time that the blood flow appeared to be slightly decreased, but the method they used for meas-
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uring the velocity of the flow has since been abandoned by its author. Similar results have been obtained by Himwich et al. (1937 Himwich et al. ( , 1939 and by Wortis and Goldfarb (1940) on schizophrenic patients. These studies suggest a decreased oxygen consumption in the brain during hypoglycemia but before this can be proved it must be shown conclusively that the amount of blood passing through the brain is not increased. Loman and Myerson's (1936) findings that the velodty of blood flow is decreased in severe hypoglycemia suggest strongly but do not prove that the amount also is decreased. The brain is apparently less able to bum fats and proteins than other parts of the body. Glucose appears to be the main metaholic substrate. Even though (or perhaps because) the brain is composed largely of lipoid matter, fats probably are not oxidized (Jowett and Quastel, 1935) . In the advanced stages of diabetes, when the rest of the organism obtains most of its energy from the oxidation of fat, the brain continues to oxidize carbohydrates (Himwich and Nahum, 1932) . The cerebral supply of reserve carbohydrate in the form of glycogen is very limited (Kerr and Ghantus, 1936 ). The brain is, therefore, largely dependent on the sugar of the blood to satisfy its demands. In the light of these findings, a reduction in blood sugar would be expected to reduce the oxidation in the brain.
It is a reasonable hypothesis therefore that both anoxemia and hypoglycemia produce their effects in essentially the same way; namely, by slowing the oxidative processes. If this is the case, the effects should be upon the same parts of the organism and, in general, similar (though not necessarily identical, for one need not assume idenrical oxidative processes in all parts). Broadly speaklug, the effects are similar. They are first observed in the nervous system in both cases, and their similariries are numerous. If in both cases it is reduced oxidation, rather than anoxia or hypoglycemia in themselves, which impair the mental functions, one would expect that in accordance with the law of mass action, oxidation would be increased by giving glucose in anoxia or oxygen in hypoglycemia. In either case, the organism should return toward normal, and this our experiments were designed to test. We lowered the blood sugar by injecting insulin and then increased the oxygen tension. On other occasions we exposed the subjects to low oxygen and increased the blood sugar. FinaUy, in a limited number of experiments, we lowered the concentrations of both of these substances simultaneously.
Other experimenters have used changes in blood pressure as criteria for analyzing the relation between hypoglycemia and anoxia in their action on the nervous system (Gellhorn, 1938) . While this procedure is saris-
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factory from the point of view of its objectivity, it is somewhat unsatisfactory in so far as a rise in blood pressure cannot be said to indicate either better or worse function on the part of the nervous system. In the experiments described below, we have used the thresholds for light sensitivity as criteria of the effects of hypoglycemia and anoxia on the central nervous system, believing that decreased sensitivity indicates poorer function. The phenomenon of the darkening of the visual field mentioned previously was followed by the usual procedure of studying night blindness; i.e., the measurement of the return of the capacity to see in the dark following exposure to a light of high intensity. This test proved to be reasonably objective and reliable for use with human subjects and could be carried out satisfactorily even under moderately severe anoxemia or hypoglycemia.
Apparatus
The measurements of fight sensitivity were made with a Hecht adaptometer which has been described in detail elsewhere (Hecht and Shlaer, 1938) . The light adapting field, occupying about 35 ° visual angle and bright enough to show both cone and rod adaptation in the measurements (1,500 milfilamberts) was exposed for 3 minutes. The test field, occupying 3 ° visual angle in diameter, was viewed 7 ° nasally with the right eye. In this region, the populations of rods and of cones are more nearly equal than in the center of the retina or farther in the periphery. The luminous fixation point used to keep the eye centered and steady was sufficiently removed from the measuring area so as not to interfere with its function. The measuring light was from the extreme violet end of the spectrum which furnished a clear color distinction between cone function and rod function. It was exposed in flashes of one-fifth of a second, long enough to produce good perception and short enough to be near the retinal action time.
Experimental Procedure
The test of fight sensitivity consisted of two parts. First, the eye was exposed to the standard light adaptation. Then as the subject remained in the dark, the intensity threshold to flashes of violet light was determined approximately every 2 minutes until the end of the session. It is well known that dark adaptation proceeds in two stages, the first is very rapid and is over in a few minutes while the second is late in starting and continues for at least half an hour. The first part of the curve represents the behavior of the cones of the retina (color vision) and the delayed or slower second stage of adaptation the behavior of the rods (night vision) (Hecht, 1937) . Each datum secured, therefore, represents the just perceptible fight intensity after a certain time in the dark. Approximately fifteen such determinations give a curve of dark adaptation similar to those shown in Figs. 1 to 5. Time is plotted on the horizontal axis on an ordinary arithmetic scale and the logarithm of the intensity of a just perceptible light is plotted on the vertical axis.
The final thresholds in the various control curves represent a brightness of about one thousand-millionth of a lambert corresponding roughly to an illumination of one millionth of a foot-candle. Since the logarithms of such fractional numbers are negative and inconvenient to use, the designers of the apparatus adopted a unit much smaller than the lambert; namely, the micromicrolambert ~gl) or 1 × 10 -1~ lamberts. All possible values of the threshold are thus given by positive logarithms.
All of our experiments were carried out in a chamber where the temperature (mean 70 ° F.) and ventilation were controlled with an air conditioning unit and where the concentrations of oxygen could be maintained at any desired level, the total barometric pressure remaining constant. Normal fasting subjects, varying in age from 25 to 37 years, were thoroughly practiced in the experimental procedure. A control dark adaptation curve was obtained before each experiment. Then the subject was exposed to low oxygen tensions by adding nitrogen to the atmosphere in the room from a cylinder of nitrogen attached to an outside manifold. Samples of air were obtained inside the chamber for the analysis of 02 and CO~ on the Haldane apparatus and samples of alveolar air were taken from the subject at the same time. After exposure to the low oxygen tensions for 20 to 30 minutes, another dark adaptation curve was plotted and then the subject was given glucose or oxygen as the case might be. In other experiments after the control curve was obtained, the subject was given insulin (5 to 8 units intramuscularly), tested again, and then subjected to varying oxygen tensions, and finally given glucose. During these experiments, samples of blood were obtained at various intervals for determination of the blood sugar (Folin micro method on unlaked blood from finger), t In certain experiments, as can be seen from the curves in Figs. 1 to 3, oxygen, nitrogen, or glucose was given while the eyes were still dark adapted and the effects observed without starting the whole procedure (exposure to light, etc.) over again.
The following series of experiments were carried out in accord with the technique and procedure described above.
I. Low oxygen series in 13.3, 11.4, and 10.0 per cent oxygen corresponding to altitudes of 12,000, 16,000, and 19,000 feet, respectively (6 subjects).
II. Control tests in air followed by tests during the inhalation of decreasing concentrations of oxygen going as low as 7.3 per cent oxygen in one case (5 subjects).
III. Low oxygen tests followed by the ingestion of 70 to 80 gin. of glucose (5 subjects).
IV. Insulin tests (5 to 8 units) followed by the inhalation of oxygen and the ingestion of glucose (9 subjects).
V. Combined effects of insulin and low oxygen (1 subject). VI. Basal and non-basal series (10 subjects).
RESULTS
The results obtained in Series I in low oxygen are shown in Table I Table II . The data obtained from one subject (W. F.) while inhaling a concentration of 9.45 per cent O2 in the chamber are plotted in Fig. 1 . Each discrete threshold, as determined by the procedure described above, falls quite close to the curve which has been Throughout the tables intensity (I) is in micromicrolamberts.
drawn through these various points. In comparing the curve in air with the curve in 9.45 per cent O~ it appears that the cone portion was elevated by approximately 0.5 of a log unit and the rod portion by 0.6 of a log unit. At the end of each test in low oxygen, the subject inhaled oxygen from a cylinder inside the chamber. Without exception, the final rod threshold fell within 2 or 3 minutes to about the level of the normal base line in air or even below it. Changes in the threshold were noticed after the subject 
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had been inhaling oxygen for less than one-half minute. This effect of excess O~ is shown graphically in Fig. 1 for subject W. F. The data for the group of six subjects are shown in Table I .
The data for the mean curves of Fig. 2 were obtained while inhaling three different concentrations of O~ in the chamber, namely 13.4, 11.5, and 10.1 per cent O~. The experimental procedure was as follows. Each of six subjects served in the experiment on three different days, each time taking the test in air followed by two tests in low oxygen, the first begun after approximately 20 minutes' exposure to anoxia, and the second after 1 hour. The control curve in air, therefore, is based upon the mean of eighteen experiments, and each of the three low oxygen curves upon the mean of six experiments carried out at intervals varying from 7 to 10 days• The low oxygen curves shown in Fig. 2 were those obtained during the 1st hour in the chamber. The results obtained during the 2nd hour, which will be discussed more fully below, were quite ~imilaz to the data shown in Table I and Fig. 2 . The method used in plotting the mean curves as shown in . Tables I and II.) curves, the deviation from the control was read off at constant intervals of 2, 3, or 4 minutes. In this way, it was possible to average the readings on a composite curve at similar time intervals following the light adapting stimulus. The composite curves give the appearance of the thresholds being more regular than was actually the case. The discrete points of each R. A. McI~ARLAND AND W. H. I~ORBF.S 77 observation did not deviate widely from the curve. This can be seen from the data in Fig. 1 for subject W. F. whose curve was quite typical of the others. The mean curves for six subjects in Fig. 2 show increasing anoxia gives an increasing elevation from the base line in both the cone and rod portions. The values of the final rod threshold for these six subjects ranged from 2.85 to 3.05 in the control series, from 3.05 to 3.22 in 13.4 per cent 02, from 3.15 to 3.30 in 11.5 per cent 02, and from 3.50 to 3.85 in 10.1 per cent 02. In 10.1 per cent 02 the inter-individual variability was therefore 0.35 of a log unit, or about twice what it was in less severe anoxia, indicating that at this high altitude, the differences between individuals were accentuated.
During each experiment, as stated above, three dark adaptation curves were plotted with the adaptometer; i.e., one in air followed by two in low oxygen. The third test on the adaptometer was given to observe whether the effects were increased or decreased during the 2nd hour. In this way we believed that it might be possible to obtain some indication of the degree of acclimatization attained by each subject. The results were as follows. In 13.4 per cent 02 both the cone and rod portions of the curve were approximately the same during the 1st and 2nd hours for all the subjects. There were no significant changes in the cone portions of the curve in 11.5 per cent 02 but four of the six subjects were poorer in the rod portion by 0.10 to 0.25 of a log unit. In 10.1 per cent O, five of the six subjects were poorer in both the rod and cone sections of the curve varying from 0.15 to 0.40 of a log unit. During the final series in 10.1 per cent O, both the inter-and intra-individual variability in thresholds increased. The extent of the impairment and the variability were related to the extent of the changes in pulse rate and blood pressure and the decrease in partial pressure of oxygen in the alveolar air. In fact there appeared to be a fairly close relationship between the extent of the impairment in the final rod threshold of each subject and his ability to tolerate the effects of acute anoxia as judged by his general condition. Our observations are, therefore, in agreement with the suggestion of Clamann (1938) who believes that the extent of the impairment in light sensitivity under low oxygen might serve as a reliable objective test of one's ability to tolerate anoxia.
In Series II we analyzed the effects of anoxia on the dark adapted eye while the concentrations of oxygen were gradually decreasing. The results are shown in Table III and Fig. 3 . Mter determining the lowest threshold for each subject in air over a period of 40 minutes (of. Fig. 3 ), the air in the chamber was diluted with nitrogen so that within approximately 20 minutes the percentage of oxygen was reduced from 21 to 13, simulating 12,500 feet altitude. During the following hour the threshold was determined every 2 to 3 minutes as the oxygen in the chamber was being reduced by a slow but continuous inflow of nitrogen. The final level of the oxygen averaged 10.2 per cent in five of the experiments (of. Fig. 3A ), but in the case of W. F., it was lowered to 7.3 per cent (Fig. 3C) . In each experiment, the threshold gradually rose as the concentration of oxygen decreased. In interpreting the results, one should keep in mind the fact that the data are plotted in logarithmic terms. The mean increase in the threshold, if plotted in rrdcromicrolamberts instead of in their logarithms, was approximately fivefold for the five subjects of Fig. 3A and for subject I. L. in Fig. 3B , and eightfold for subject W. F. in Fig. 3C . The regeneration of the photochemical substances was apparently complete at the end of 40 minutes' dark adaptation. However, with gradually decreasing O~ concentrations the thresholds continued to rise in proportion to the degree of anoxia. Although anoxia may impair the photochemical processes in the retina in some unknown way, it is more probable that the effects 
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were studied both in air and in low oxygen. The dark adaptation curves were determined in air and then twice during glucose tolerance tests. The blood sugar determinations are shown in Table IV . The thresholds of light sensitivity for five subjects were not changed significantly during the 1st hour of the tolerance tests while the blood sugar was rising or while it was high, but during the 2nd hour when the blood sugar was falling there was an impairment; i.e., a rise in the threshold above the normal level. The effect of raising the blood sugar by giving a normal breakfast was tested later on a larger group with rather different results.
The procedure was then varied so as to study the effectiveness of hyperglycemia in counteracting the impairment associated with anoxia. Two subjects were tested first in air and then in 10 per cent O2 and a third time while still in 10 per cent O, but after ingesting 80 gin. of glucose. During the first two tests the blood sugar was about 70 mg. per cent; during the third over 110 rag. per cent. In each case the light sensitivity was increased after eating the glucose, i.e. the threshold fell in spite of the continuing low oxygen but it did not quite reach the normal level. This line of experimentation was continued but a different procedure was followed. Each of five subjects was given two tests on the adaptometer, the first one being in air, and the second in low oxygen, the average oxygen concentration being 10.4 per cent. While the eyes were completely dark adapted, i.e. after the curve had been followed for 40 minutes, each subject drank a glassful of strong glucose solution (1 gin. glucose per kg. body weight in 200 cc. of water). The results for M. V. are shown in Fig. 4 and Table V and for four additional subjects in Fig. 5 and Table V . It took 4 minutes to consume the glucose and from 6 to 8 minutes elapsed as indicated by the arrows in Figs. 4 and 5 before additional thresholds were determined in low O2. The blood sugar averaged 65 mg. per cent during the low oxygen tests and remained fairly constant as shown in Table VI . the changes were not large in subject 2 (of. Fig. 5 ). We were surprised to find that the light thresholds were affected by the glucose so soon after ingesting it, the sensitivity responding within 6 to 10 minutes. FzG. 7. The effects of insulin, oxygen, and glucose on light sensitivity. The solid circles (control curve) are based on the average thresholds for nine subjects in air and the open circles for the same subjects also in normal air but after the injection of insulin, the inhalation of oxygen, and the ingestion of glucose. When the blood sugar was lowered by insulin the thresholds increased; when the subjects inhaled oxygen from a cylinder~ the thresholds returned to normal; when the subjects were returned to room air the thresholds rose; and finally when the subjects ingested glucose the thresholds fell.
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(CJ. Tables VII and VIII.)
In Series IV, the subjects were given insulin followed by the inhalation of oxygen and the ingestion of glucose. The results obtained with the adaptometer are shown in Table VII and Figs. 6 and 7. The procedure was as follows: after the initial observations in the normal state, each sub-ject was given from 5 to 8 units of inm11in intramuscularly (according to body weight). After an interval of appro~rnately 10 minutes, a second dark adaptation period was begun. Samples of finger blood were taken every 10 to 15 minutes for the determination of sugar (Table VIII) . The lowest blood sugar values were reached during the testing of the rod portion of the curves so the effects on light sensitivity were naturally greatest during that part of the experiment. At the end of the insulin test, each subject inhaled oxygen for 6 minutes. He was then suddenly changed back to normal room air. Finally, each subject ingested approximately 70 gm. of glucose in 200 cc. of water. An interval of 4 to 5 minutes passed during the ingestion of the glucose at the point in the experiment indicated by the arrow in Fig. 7 . The curves show dearly that the thresholds for light sensitivity depend upon the concentrations of blood sugar and the partial pressure of oxygen. After inhaling oxygen, for example, the thresholds quickly dropped to the normal base line. If the subject was switched back from pure oxygen to room air, however, the thresholds returned to the level reached during the 88 VARIATIONS IN CONCENTRATION O1~ OXYGEI~" AND GLUCOSE insulin test. Finally, if the insulin hypoglycemia was counteracted with glucose, the thresholds returned to normal.
In Series V the combined effects of low oxygen and low blood sugar on the dark adaptation curve were analyzed in the case of Subject W. F. After the control observations, the air in the chamber was diluted with nitrogen until the oxygen was reduced to 13.2 per cent simulating an altitude of 12,000 feet. The subject was then given four units of insulin intramuscularly. 15 minutes later the dark adaptation test was repeated, thereby testing the effects of both auoxia and hypoglycemia. These combined effects on light sensitivity raised the threshold 0.6 of a log unit, a change . Tables IX and X.) considerably greater than a similar degree of anoxia or of hypoglycemia would have brought about separately, and rather greater than the sum of their separate effects. The results are shown in Fig. 8 and Table IX . This was the same subject who, with twice the amount of insulin (i.e. eight units) without anoxia, showed a rise of 0.4 (Fig. 6 ) and who at 20,000 feet showed a rise of 0.6 (Fig. 1) . The alteration in the chamber air in relation to the alveolar air is shown in Table X with several additional physiological tests and a code test involving quickness and accuracy of attention. After 70 gin. of glucose were ingested, the subject remaining in the low 02, the threshold fell almost to the normal level (of. broken curve, Fig. 8 ).
In the final series of tests (Series VI), ten subjects were given the dark adaptation test while fasting and after their normal breakfast but without coffee or cigarettes. The results are shown in Table XI and Fig. 9 . In the insulin series, we had observed that changes in light sensitivity were present during moderate degrees of hypoglycemia. Since it is well known that the . Table   XI.) blood sugar may be as low as 70 to 80 mg. per cent in the morning before breakfast, the curves were plotted under such conditions and repeated after breakfast when the blood sugar had risen to 100 to 120 nag. per cent. In nine out of the ten cases, there was an effect: as shown graphically in Fig. 9 the final threshold in the rod portion of the mean curve was 0.3 of a log unit 90 VARIATIONS IN CONCENTRATION OF OXYGEN AND GLUCOSE higher in the b~al state. In our opinion this degree of variation, the amount attributed by Hecht and Mandelbaum (1939) to intra-individual variation during the day or from day to day may be accounted for by the variations in the blood sugar in relation to meals. It is obvious that such a variable should be controlled in psycho-physical experiments involving delicate judgments of visual thresholds.
DISCUSSION
In these experiments we dealt with three primary variables: (1) the functioning of the visual mechanism, judged by the visual threshold and dependent upon oxidative processes in the brain; (2) the tension of oxygen in the inspired (and alveolar) air; and (3) the concentration of glucose in the blood. Our observations suggested that (in crude analogy to the mass action law) the first of these variables is more simply related to the product of the second and third than to either separately. On plotting the results this was found to be the case. Fig. 10 shows the product of the alveolar Og tension and the glucose concentration in the blood plotted against the change in the visual threshold observed in the experiment (A log I). The latter is in terms of the increment in the logarithm of the light intensity at the visual threshold, the values obtained with about 100 mm. of alveolar O~ and 75 mg. of glucose per 100 cc. of blood being used as a base line. This figure includes all the experiments in low 02 in which the subjects were basal and all but one 2 of those in low 02 in which glucose was given. The experiments with insulin, with high O2, and with normal O, plus glucose are not included. The correlation between the A log I and the product of the alveolar 02 tension and the concentration of glucose in the blood by the Pearson r method was -0.95 4-0.01. Correlations were also obtained between A log I and the alveolar O, tension and glucose concentration separately; for the former, the correlation was -0.89 4-0.03 and for the latter -0.87 4-0.04.
The discrete points in Fig. 10 show a certain amount of scatter, but perhaps less than might be expected in the light of the following considerations. In the first place, the 02 pressure in the cells of the brain is not necessarily proportional to the tension of 09. in the alveolar air nor is the glucose at the seat of oxidation necessarily proportional to the blood sugar. Secondly, it was not always possible to keep the alveolar O~ tension or the concentration of glucose constant while the visual thresholds were being determined during the 30 minute period of dark adaptation. This is particularly true Experimental ditticulties encountered. 
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of the blood sugar. The results obtained under basal conditions were more consistent than during either the insulin or high glucose series. In fact both the impairment in the thresholds and the variability appeared to increase if the glucose was falling, irrespective of its level. This may be illustrated by the fact that during the part of the glucose tolerance test when the blood sugar was falling rapidly after the large initial increase, a significant rise in the threshold was observed. abscissa is over 7000. These observations show more scatter but in general fall fairly dose to (or just a little below) the horizontal base line even when the abscissa is over 1200; they do not follow the line on the figure which looks as if it would cross the X axis at about 5000. In other words the visual threshold is definitely raised by lowering the product of the 02 tension and the blood sugar but it is only lowered slightly and inconstantly by raising this product above the normal level. The experiments in which the product was lowered by producing hypoglycemia with insulin while the O2 tension remained approximately normal gave less constant results than those in Fig. I0 in which the product was lowered by reducing the 02 tendon. The reason for this was probably the considerable changes in the blood sugar which took place during the 30 or 40 minutes of measuring the thresholds on the adaptometer. Though we took several blood samples, the changing values and the rather less regular curves obtained on the adaptometer in these experiments increased the uncertainty of the data. If put on Fig. 10 all but two of the points would lie above and to the right of the line as drawn. It is as if the blood sugar had actually been about 20 rag. lower than the observed values. The points show far more scatter.
The dark adaptation curves (plotting threshold against time as shown in Figs. 1 and 2 ) were elevated progressively with diminished 02 tension;
i.e., increased altitude. The curves obtained while breathing low O~. were similar in shape although consistently elevated throughout the cone and rod portions. The rate of adaptation was apparently unchanged. These experiments were carried out in a chamber where the barometric pressure was constant, the air being diluted with nitrogen to simulate the altitudes as indicated in Figs. 1 and 2 and Table I . When the oxygen was lowered to 13.4 per cent (11,500 feet altitude), the average impairment between the control and low O2 series at the end of 30 minutes in the dark was 0.26 of a log unit; in 11.5 per cent O2 (15,400 feet), 0.42 of a log unit, and in 10.1 per cent 02 (18,500 feet), 0.63 of a log unit. Thus it appears that the impairment in light sensitivity under reduced oxidation is quite large. In Fig. 1 , for example, the threshold was raised by a/actor 5.8 and in Bunge (1936-37 ) using a rebreathing apparatus, and by McDonald and Adler (1939) with a spirometer. In the former study the rise in threshold was over threefold in 8 to 11 per cent O~ while in the latter (Hecht adaptometer) both the rod and cone portions of the curve were displaced upward by 0.4 of a log unit (i.e. the threshold rose by a factor of 2.5)while inhaling O~. tensions of 10.4 per cent. Comparable data were obtained by Fischer and Jongbloed (1935-36) and by Clamann (1938) in low pressure chambers indicating that the important variable is the diminished partial pressure of O~ in the alveolar air whether it is produced by lowering the total pressure or by nitrogen dilution.
In our opinion the effects of anoxia and hypoglycemia on light sensitivity, as shown in Figs. 1 to 7 , are exerted on the nervous tissue of the visual mechanism and on the connecting pathways from the retina to the cerebral cortex rather than on the photochemical substances of the receptor cells of the retina for the following reasons. First, in subjects with experi-mentally induced vitamin A deficiency Hecht and Mandelbaum (1939) , Wald eta/. (1938) , and others have shown that there is a greater rise in the rod thresholds compared with the cones. A deficiency of vitamin A is known to affect the regeneration of visual purple relating to night vision and the rods so the latter might be expected to show a greater change. In our experiments, the rod and cone portions of the curves were influenced in essentially the same way, both in extent and in contour suggesting that the effects of vitamin A deficiency and anoxia are dissimilar and that two different processes in the visual mechanism are involved. Additional evidence for this was contributed by McDonald and Adler (1939) for they found that vitamin A deficiency did not alter the effects caused by anoxia. The rise in threshold in anoxia was simply additive and was essentially the same in the normal and vitamin A deficient states. Secondly, the rapidity with which the thresholds change by lowering or raising the aiveolar O~ tension or the blood sugar suggests that the impairment is on the nervous tissue rather than the photochemical processes. Dark adaptation normally takes place within 20 to 30 minutes while in our experiments the final rod threshold could be lowered or raised within 1 to 2 minutes in low O~ (of. Fig. 1 ) and low blood sugar (cf. Fig. 7 ) by inhaling oxygen. It is well known that if O~ is inhaled during experiments involving induced anoxia the arterial oxygen saturation will return to normal within several full inhalations, thereby restoring the O~ tension in the nervous tissue almost imrnediatdy. If the excess 02 is taken away, the arterial O~ tension falls very rapidly and in our experiments the threshold returned within 1 to 2 minutes to the former level of impairment. These changes in light sensitivity take place almost as rapidly in hyperglycemia if excess oxygen is inhaled or if the O2 is restricted (of. Fig. 7) . Furthermore, Wald et al. (1938) found that at least 7 minutes must elapse before the intramuscular injection of large amounts of carotene affected visual adaptation in vitamin A deficient subjects. Thirdly, we observed that even following complete dark adaptation in normal air for 40 minutes (during which time the regeneration of visual purple should have been complete) the thresholds gradually rose as the oxygen was diminished (cf. Fig. 3 ). The thresholds returned to the normal level, however, within 1 to 2 minutes upon the administration of oxygen. Fourthly, Elsberg and Spotnitz (1938) have reported that the time required for foveal dark adaptation is increased in patients with tumors or other lesions in the cerebral hemisphere. Finally, in experiments reported elsewhere (McFarland, 1932 (McFarland, , 1937 (McFarland, , 1939 , we have observed that anoxia impairs central or cortical functions such as complex reaction times or memory at approximately the same altitudes or under comparable conditions of oxygen deprivation, suggesting that in both cases the most significant effects are on the central nervous system.
The observations relating to the differences in threshold under basal and non-basal conditions have significant implications in the field of psychophysics. It is well known that certain psycho-physical laws dealing with delicate sensory judgments, as in light sensitivity, tend to break down at the extremes of the psycho-physical curve. For example, the relationship between sensation and the logarithm of the intensity of the stimulus throughout an extensive intermediate range is linear. At the lowest or highest values of the stimulus, however, significant departures from lineadty are known to exist (cf. Boring, 1933) . Not only does the variability increase so greatly that the smaller differences become statistically insignificant, but also the basis for absolute judgments becomes distorted. The present study illustrates changes in sensitivity at lowest intensities (threshold measurements). Similar effects have also been demonstrated for changes at the highest intensities where visual acuity is maximal (McFarland and Halperin, 1940). If a variation in blood sugar of 20 to 40 mg. per 100 cc. of blood (the usual difference between the basal and the non-basal state) gives rise to a A log I of 0.31, it would appear that such variables might be controlled to advantage (of. Fig. 9 ). Since Gellhorn (1936) has shown that raising the tension of CO2 produces a reversible decrease in visual intensity discrimination poor ventilation of the experimental room might also give rise to equally great changes in delicate sensory judgments of light sensitivity. Hecht and Mandelbaum (1939) suggest that the day-to-day variation in light sensitivity is 0.3 of a log unit. It is possible that the inter-individual variation might be considerably reduced by attempting to control such variables as those mentioned above both in the internal and external environment.
It is improbable that the effects we have reported in these experiments might be due to some artifact, or uncontrolled condition. One such factor to be considered is the size of the pupil. Since it is known that excitement, hyperglycemia, or acute anoxia may give rise to dilation of the pupils, we carried out a number of tests with an artificial pupil. The effects were essentially the same. Bunge (1936-37 ) whose experiments were carried out under even more acute conditions of anoxia than ours, found by actual measurement of the pupillary changes that they were of such small magnitude that the curves relating to light sensitivity were not significantly influenced. Another possible source of error relates to the insidious effects of acute anoxia and the distortion of judgment or insight into one's own conscious states. In these experiments, the judgments were too con-sistent and the response of the subjects too prompt for this to be considered of significance. In many instances the subjects were unaware of any subjective symptoms especially in the low blood sugar series and in the less extreme anoxia experiments. Although the variability in the response of the subjects tended to increase under acute anoxia or hyperglycemia, the general characteristics of the curves remained the same.
SUMMARY AND CONCLUSIONS
In this study we have analyzed the effects of variations in the concentrations of oxygen and of blood sugar on light sensitivity; i.e. dark adaptation. The experiments were carried out in an air-conditioned light-proof chamber where the concentrations of oxygen could be changed by dilution with nitrogen or by inhaling oxygen from a cylinder. The blood sugar was lowered by the injection of insulin and raised by the ingestion of glucose. The dark adaptation curves were plotted from data secured with an apparatus built according to specifications outlined by Hecht and Shlaer. During each experiment, observations were first made in normal air with the subject under basal conditions followed by one, and in most instances two, periods under the desired experimental conditions involving either anoxia or hyper-or hypoglycemia or variations in both the oxygen tension and blood sugar at the same time.
i. Dark adaptation curves were plotted (threshold against time) in normal air and compared with those obtained while inhaling lowered concentrations of oxygen. A decrease in sensitivity was observed with lowered oxygen tensions. Both the rod and cone portions of the curves were influenced in a similar way. These effects were counteracted by inhaling oxygen, the final rod thresholds returning to about the level of the normal base line in air or even below it within 2 to 3 minutes. The impairment was greatest for those with a poorer tolerance for low 09.. Both the inter-and intra-individual variability in thresholds increased significantly at the highest altitude.
2. In a second series of tests control curves were obtained in normal air. Then while each subject remained dark adapted, the concentrations of oxygen were gradually decreased. The regeneration of visual purple was apparently complete during the 40 m{-utes of dark adaptation, yet in each case the thresholds continued to rise in direct proportion to the degree of anoxia. The inhalation of oxygen from a cylinder quickly counteracted the effects for the thresholds returned to the original control level within 2 to 3 minutes.
3. In experiments where the blood sugar was raised by the ingestion of glucose in normal air, no significant changes in the thresholds were observed except when the blood sugar was rapidly falling toward the end of the glucose tolerance tests. However, when glucose was ingested at the end of an experiment in low oxygen, while the subject remained dark adapted, the effects of the anoxia were largely counteracted within 6 to 8 minutes.
4. The influence of low blood sugar on light sensitivity was then studied by injecting insulin. The thresholds were raised as soon as the effects of the insulin produced a fall in the blood sugar. When the subjects inhaled oxygen the thresholds were lowered. Then when the oxygen was withdrawn so that the subject was breathing normal air, the thresholds rose again within 1 to 2 minutes. Finally, if the blood sugar was raised by ingesting glucose, the average threshold fell to the original control level or even below it.
5. The combined effects of low oxygen and low blood sugar on light sensitivity were studied in one subject (W. F.). These effects appeared to be greater than when a similar degree of anoxia or hypoglycemia was brought about separately.
6. In a series of experiments on ten subjects the dark adaptation curves were obtained both in the basal state and after a normal breakfast. In nine of the ten subjects, the food increased the sensitivity of the subjects to light.
7. The experiments reported above lend support to the hypothesis that both anoxia and hypoglycemia produce their effects on light sensitivity in essentially the same way; namely, by slowing the oxidative processes. Consequently the effects of anoxia may be ameliorated by giving glucose and the effects of hypoglycemia by inhaling oxygen. In our opinion, the changes may be attributed directly to the effects on the nervous tissue of the visual mechanism and the brain rather than on the photochemical processes of the retina. 
